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ABSTRACT
We explore orbit properties of 35 prolate-triaxial galaxies selected from the Illustris cosmo-
logical hydrodynamic simulation. We present a detailed study of their orbit families, and also
analyse relations between the relative abundance of the orbit families and the spin parame-
ter, triaxiality, the ratio of the angular momentum and the baryon fraction. We find that box
orbits dominate the orbit structure for most prolate-triaxial galaxies, especially in the central
region. The fraction of irregular orbits in the prolate-triaxial galaxies is small, and it increases
with galaxy radius. Both the x-tube and z-tube orbits are important in prolate-triaxial galax-
ies, especially in the outer regions. The fraction of box orbits for prolate-triaxial galaxies
(0.7 < T < 1) decreases with the triaxiality of the stars, while the fraction of x-tube orbits
increases with the triaxiality for a given axis ratio. The fraction of box orbits increases and the
fractions of x-tube and z-tube orbits weakly decrease with increasing baryon fraction. These
results help to understand the structure of prolate-triaxial galaxies and provide cross-checks
for constructing dynamical models of prolate-triaxial galaxies by using the Schwarzschild or
the Made-to-Measure methods.
Key words: galaxies: evolution - galaxies: formation - galaxies: structure.
1 INTRODUCTION
The misalignment between the kinematic and photometric axes
shows the complex structure of elliptical galaxies (e.g. Franx et al.
1991). The brightness profiles of ellipticals indicate that their in-
trinsic shapes could be oblate, prolate, or triaxial, which is also sup-
ported by theoretical studies (e.g. Binney 1985; Merritt & Fridman
1996; Wang et al. 2008; Wu et al. 2017) and by N-body simulations
(e.g. Jing & Suto 2002). Kinematics shows that most rotating ellip-
tical galaxies are either oblate or slightly triaxial (Krajnovic´ et al.
2011; Weijmans et al. 2014; Fogarty et al. 2015; Cappellari 2016).
However, some elliptical galaxies show minor-axis rotation (pro-
late rotation, i.e., the rotation is about the photometric major axis),
such as NGC 1052 (Schechter & Gunn 1979; Davies & Birkin-
shaw 1986), NGC 4406, NGC 5982, NGC 7052, NGC 4365, NGC
5485 (Wagner et al. 1988), NGC 3923 (Carter et al. 1998), M87
(Davies & Birkinshaw 1988; Emsellem et al. 2014), NGC 4473
? E-mail:wangyg@bao.ac.cn
(Foster et al. 2013); eight elliptical galaxies from the CALIFA sur-
vey (Tsatsi et al. 2017) also show such rotation. Moreover, stellar
kinematics from two-dimensional integral field unit (IFU) observa-
tions indicate that prolate rotation often coexists with oblate rota-
tion in many elliptical galaxies (e.g. McDermid et al. 2006; Kra-
jnovic´ et al. 2011; Emsellem et al. 2014).
It is important to reveal the formation scenario of the ‘pro-
late’ rotation of elliptical galaxies. The dynamical stability and or-
bit properties of prolate rotation has been extensively studied (e.g.
Deibel et al. 2011; Zotos 2014). However, the formation of pro-
late rotation in elliptical galaxies is still unclear. From simulations,
Rodriguez-Gomez et al. (2015) found that prolate systems with mi-
nor axis rotation could be produced by the merger of two equal-
mass disc galaxies. Similar results have been obtained for gas-poor
mergers in a hydrodynamic simulation by Moody et al. (2014). Re-
cently, Tsatsi et al. (2017) found that prolate galaxies could be the
results of dry polar mergers, and the amplitude of prolate rotation
depends on the initial bulge-to-total stellar mass ratio of its progen-
itor galaxies. Ebrova´ & Łokas (2017) identified 59 prolate rotators
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in the Illustris cosmological hydrodynamic simulation and found
that the emergence of prolate rotation is strongly correlated with
the time of their last significant merger. Also, using the Illustris
simulation, Li et al. (2018, hereafter Li2018) found 35 out of a total
of 839 galaxies with stellar mass larger than 1011M are prolate-
triaxial, and these prolate-triaxial galaxies are formed by major dry
mergers. All studies show that galaxies with prolate rotation are
most likely formed by dry major mergers, and the number of these
objects may dominate at the high-mass end.
Orbits are the fundamental building blocks of galaxies and
therefore their properties greatly affect their internal structures.
In this paper, we study the orbit properties of the prolate-triaxial
galaxies selected in Li2018, which can help us to understand the
dynamics of these systems. Moreover, the orbit families have im-
portant implications for constructing dynamical models with the
Schwarzschild orbit superposition method (Schwarzschild 1979;
Cappellari et al. 2006; Wang et al. 2012, 2013), Made-to-Measure
method (Syer & Tremaine 1996; Long & Mao 2012; Long et al.
2013; Zhu et al. 2014) and the Torus method (McMillan & Binney
2008; Wang et al. 2017). Compared with previous theoretical stud-
ies, our prolate-triaxial galaxies are taken from the state-of-the-art
Illustris simulation, hence the model itself is self-consistent.
The structure of the paper is as follows. In Section 2, we intro-
duce the simulation data and the selected prolate-triaxial galaxies.
In Section 3, we detail the orbit integration, and in Section 4 we
explain our orbit classification. In Section 5, we present our main
results of the orbit properties. Our summary and conclusions are
given in Section 6.
2 SIMULATIONS AND PROLATE GALAXIES
The Illustris project is a large cosmological simulation of galaxy
formation (Genel et al. 2014; Vogelsberger et al. 2014), which com-
prises a suite of N -body/hydrodynamical simulations carried out
with the moving mesh code AREPO (Springel 2010). The simu-
lation adopts a comprehensive set of physical models for galaxy
formation, which can reproduce various observational constraints
at different redshift, such as star formation rate density, galaxy
gas fraction, mass-size relation (Xu et al. 2017), galaxy luminos-
ity function, galaxy morphologies (Genel et al. 2014), Tully-Fisher
relation etc.
The prolate-triaxial galaxies in this work are from Li2018,
which are selected from the largest simulation (Illustris-1) of
the Illustris project. Illustris-1 contains 18203 dark matter parti-
cles and approximately 18203 gas cells or stellar particles in a
(106.5 Mpc)3 box. The simulation evolves from z = 127 to z = 0
in a standard Λ cold dark matter cosmology with ΩΛ = 0.7274,
Ωm = 0.2726, Ωb = 0.0456, σ8 = 0.809, ns = 0.963 and
H0 = 70.4 km
−1Mpc−1. The details of the Illustris simulation
can be found in Genel et al. (2014).
In Li2018, the galaxies have been selected from Illustris-1 at
redshift z = 0 (snapshot 135) by stellar mass M? > 1011M and
light profile Se´rsic index nSe´rsic > 2 (Se´rsic 1963). The number of
selected galaxies is 839. Each galaxy is assumed to be an ellipsoid
with axis lengths a > b > c. The axis ratios p = b/a and q = c/a
are measured from the stellar particles using the reduced inertia
tensor method (Allgood et al. 2006). The tensor is defined as
Iij =
∑
kmkxk,ixk,j/r
2
k∑
kmk
, i = 1, 2, 3, j = 1, 2, 3, (1)
where xk,1= xk, xk,2 = yk and xk,3 = zk are the positions of the
Figure 1. Axis ratios b/a (red) and c/a (blue) calculated within the half
stellar mass radius. The filled and open circles represent the results for the
star and dark matter particles, respectively. The x-axis is the total mass en-
closed within a sphere whose mean density is 200 times the critical density
of the Universe.
k-th particle in the simulation. mk is the mass of the k-th particle
and rk =
√
x2k + y
2
k/p
2 + z2k/q
2 is the elliptical distance mea-
sured from the centre of the galaxy to the k-th particle.
A prolate-triaxial galaxy satisfies b/a − c/a < 0.2 and
b/a < 0.8. A total of 35 prolate-triaxial galaxies have been selected
in Li2018 and the properties of all the prolate-triaxial galaxies are
listed in Table B1 of Li2018. Some properties of the prolate-triaxial
galaxies are also shown in Table A1, such as Mc200, which is de-
fined as the total mass enclosed in a sphere whose mean density
is 200 times the critical density of the Universe. Among these 35
prolate-triaxial galaxies, we find that the axis ratio evolves no more
than 15% from z = 0.1258 to z = 0 for 28 galaxies. For the
remaining seven galaxies (subhalo129771, subhalo177128, sub-
halo245939, subhalo277529, subhalo289892 and subhalo294574),
the axis ratio evolves more than 15% but less than 40%. This indi-
cates that most galaxies in our sample are stable. The upper limit
of the tumbling rate is 4.0 km s−1 kpc−1, which corresponds to a
period of 1.5 Gyr, much longer than typical dynamical times in the
central part of galaxies.
We also select six oblate-triaxial galaxies and six triaxial
galaxies from the Illustris simulation for comparison purposes.
These six oblate-triaxial galaxies and six triaxial galaxies are within
the same mass range and have similar halo spin magnitudes as their
prolate-triaxial counterparts, which are given in the middle and bot-
tom sections in Table A1.
Figure 1 shows the relation between Mc200 and the axis ratios
b/a (red) and c/a (blue) calculated by the particles within the half
stellar mass radius for both the stellar and dark mater particles for
prolate-triaxial galaxies. It is seen that the shape of the dark matter
halo is more spherical than that of the stars except for the galaxy
324170 (See Table A1).
In Figure 2, we show a comparison of the triaxiality of the
stars with that of the dark matter halo within the half stellar mass
radius for prolate-triaxial galaxies. The triaxiality parameter T is
defined as T = (a2 − b2)/(a2 − c2); T = 1 and T = 0 for
prolate and oblate systems, respectively. It is seen that the triaxial-
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Figure 2. Comparison of the triaxiality of the stars and that of the dark
matter halo within the half stellar mass radius. These two are correlated, but
have large scatter.
ities measured for the stars and the halo are both larger than 0.7,
which again shows our selected galaxies are prolate/triaxial. And
the shape of stars is different from that of the dark halo for most
galaxies. The triaxialities of all galaxies are given in Table B1. It
can be seen that for most prolate-triaxial galaxies, T & 0.8, while
for oblate-triaxial galaxies, T 6 0.3. The “triaxial” galaxies are
somewhere in between.
The spin parameter in each galaxy is defined as (Bullock et al.
2001)
λ′ =
L√
2MVR
, (2)
where L is the angular momentum within a sphere of radius R
containing mass M . The galaxy circular velocity V is defined as
V =
√
GM/R. The format of the spin parameter we adopt here
is different from the traditional one (Efstathiou & Jones 1979; Mo
et al. 2010), which needs to calculate the energy of the system to
define the spin parameter.
Columns (2)-(4) in Table 1 show the spin parameters for stars
(λ′s), dark matter (λ′d) and both the star and dark matter (λ
′) within
the half stellar mass radius, respectively. It is seen that the spin pa-
rameters for both the stellar and dark matter components are small
(< 0.07). We also find, not surprisingly, that the spin parameters
for stars in the six oblate-triaxial galaxies are larger than those in
the prolate-triaxial galaxies and the triaxial galaxies.
Column (5) in Table 1 shows the angle (θL) between the di-
rection of the angular momentum of the dark matter and that of the
stars. We find that θL in 12 prolate-triaxial galaxies is larger than
45◦, and θL in two galaxies (245939 and 294574) is close to 90◦.
The reason why these galaxies have such a large value of θL is not
clear, we will return to this in a future work. For the six oblate-
triaxial galaxies, all values of θL are smaller than 20◦. For the six
triaxial galaxies, one θL is larger than 45◦.
The upper panel of Figure 3 shows the relation between the tri-
axiality of the dark matter and the spin parameter measured within
the half stellar mass radius for the prolate-triaxial galaxies. We find
that there is no clear relation between the halo triaxiality and the
spin parameter of the dark matter halo. The bottom panel of this
Figure 3. Top: Relation between the triaxiality T of the dark matter and the
spin parameter λ′d measured within the half stellar mass radius for prolate-
triaxial galaxies. Bottom: Relation between the triaxiality of the dark matter
halo and the fraction of |Lx| /L (red), |Ly | /L (blue) and |Lz | /L (cyan)
within the half stellar mass radius for prolate-triaxial galaxies. The red, blue
and cyan lines are fitted straight lines with Y = A + BX for the cases
|Lx| /L, |Ly | /L and |Lz | /L, respectively.
figure shows the relation between the triaxiality of the dark matter
halo and the fraction of |Lx| /L (red), |Ly| /L (blue) and |Lz| /L
(green) within the half stellar mass radius. Here, Lx, Ly and Lz
are the angular momenta along the major, middle and minor axes
of the system, respectively, and L =
√
L2x + L2y + L2z is the total
angular momentum. It is noted that Lx dominates the total angular
momentum if the galaxies are highly prolate (T > 0.95). More-
over, we find that there is a weak correlation between the triaxiality
of the dark matter halo and the fraction of |Lx| /L (the Pearson cor-
relation is 0.43), while there is a weak anti-correlation between the
triaxiality of the dark matter halo and the fraction of |Ly| /L and
|Lz| /L. The Pearson correlation coefficients are -0.37 and -0.26
for |Ly| /L and |Lz| /L, respectively.
3 ORBIT INTEGRATION
The mass resolution of the Illustris simulation is quite high. There-
fore, the particle number in each galaxy is large, and we randomly
select one tenth of the star particles in each prolate-triaxial galaxy
as the initial conditions for the orbit integration. The orbit number
of each galaxy is presented in column (3) of Table A1.
In order to obtain the potential and the accelerations of the disk
particles, we follow the self-consistent field (SCF) method (Hern-
quist & Ostriker 1992), more specifically, we use the code SCF.f
directly.
The key point of the SCF method is to obtain an estimate of
the mean gravitational field by expanding the density and potential
into a set of simple orthogonal basis of potential-density pairs in
spherical coordinates. The density and potential are given as
ρ(r, θ, φ) =
∑
n,l,m
AnlmρnlYlm(θ, φ), (3)
Φ(r, θ, φ) =
∑
n,l,m
BnlmΦnlYlm(θ, φ), (4)
where n is the radial expansion index and l andm designate the an-
gular terms. The force can be derived directly from the potential. In
c© 2014 RAS, MNRAS 000, 1–9
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order to obtain a high accuracy for the force calculation, we adopt
as maximum values for the radial expansion terms nmax = 16 and
for the angular terms lmax = 12, which can give high accuracy
for the force and yet achieve a fast speed for the orbit integration.
The orbit integration is preformed with the DOP853 algorithm (?).
Each orbit is integrated for 500 dynamical times. The dynamical
time TD is defined as TD = 2piR/Vc, where R is the radius of the
particle R = (x2 + y2)1/2 and Vc is the circular velocity of the
particle. The circular velocity is defined as Vc =
√|xax + yay|,
ax and ay are the forces along the x and y-axes, respectively.
4 ORBIT CLASSIFICATION
To classify the orbits, we use the spectral classification routine of
Carpintero & Aguilar (1998, hereafter CA98). We will refer to this
method as CA. The key point of CA98 is to find the number of fun-
damental frequencies. For a three dimensional system, the regular
orbits have no more than three fundamental frequencies, while the
irregular orbits have more than three fundamental frequencies. We
use the latest version of TAXON.FOR to classify the orbits. Com-
pared with its original form, the new version of the code uses the
Frequency Modified Fourier Transform (Sˇidlichovsky´ & Nesvorny´
1996, FMFT) to extract lines, and the spectral analysis is performed
on both the position and velocity componentsX(t)+ iV (t) (Wang
et al. 2016, hereafter Wang2016).
In CA98, orbits are classified into box, x-tube, y-tube, z-tube
and irregular families. The former four are regular orbits. Box or-
bits show no sense of rotation and the orbits can cross close to the
potential center. Tube orbits tend to rotate around the centre of the
system, the x-, y- and z-tube orbits refer to the orientation of the
orbits being along the major, intermediate and minor axes of the
system. If the main frequency in each component is ωi, then a res-
onance is defined as
l1ωx + l2ωy + l3ωz = 0 (5)
for non-trivial combinations of integers l1, l2 and l3. For the box or-
bits, the main frequencies are incommensurable. An orbit is taken
as an x-tube if the main frequencies of ωz and ωy show a 1:1 reso-
nance, i.e., l2 : l3 = 1 : 1 with l1 being arbitrary. An orbit is classi-
fied as a z-tube if ωx and ωy show a 1:1 resonance (l1:l2=1:1). The
y-tube orbits are unstable and rare in a three dimensional system
(e.g. Binney & Tremaine 2008; Merritt & Fridman 1996), which
shows a 1:1 resonance for ωx and ωz . Figure 4 shows four orbit
examples (left) and their corresponding Fourier spectra (right).
The orbit fractions for box, x-tube, y-tube, z-tube and irregular
families are given in columns (7)-(11) of Table A1 for all stars (the
star within the half stellar mass radius). It is seen that the box fami-
lies dominate for the most prolate-triaxial galaxies, and the fraction
of box orbits increases if only the orbits within the half stellar mass
are considered. The y-tube and irregular orbit fractions are small. It
is known that there are no stable tube orbits around the intermediate
axis in a triaxial system for a non-separable potential with a central
density core (obtained numerically by Heiligman & Schwarzschild
1979) and for all separable systems (de Zeeuw 1984, 1985), there-
fore, it is reasonable that we have obtained a small fraction for the
y-tube orbits in the simulated galaxies. It is also noted that the z-
tubes are important in prolate-triaxial systems, such as in subhalo
138413, 16937 and 30430, which is different from previous stud-
ies (e.g. Valluri et al. 2016). The sum of the box and z-tube or-
bits dominates in the oblate-triaxial and prolate-triaxial galaxies,
whereas the fractions of x-tube orbits in both oblate-triaxial and
triaxial galaxies are small. Generally, the long-axis tube orbits in-
clude inner long-axis tube orbits and the outer long-axis tube orbits
(de Zeeuw 1985). It is difficult to distinguish the inner and outer
long-axis tube orbits using the spectral analysis, therefore, we only
consider the population of long-axis tube orbits as a whole here.
For comparison, we also use another method to classify the
orbits, which is based on the values of the three angular momentum
components. We will hereafter refer to this method as AM. The
detailed description of the AM method is given in Appendix B. In
Table B1, we show the orbit population for both methods. It is seen
that the AM method gives more box and irregular orbits than the
CA routine. If we compare the orbit population one by one between
the CA and AM methods, we find that they agree with each other
for 80% of the orbits. A detailed comparison between two different
orbit classifications is complex (Wang et al. 2016), and is beyond
the focus of the present paper. We only consider the results from
the CA method in the following.
5 ORBIT PROPERTIES
In this section, we give a more detailed analysis of the orbit proper-
ties in the prolate-triaxial galaxies. In Figure 5, we show frequency
maps in the plane of ωx/ωz and ωy/ωz for 4 prolate-triaxial, 4
oblate-triaxial and 4 triaxial galaxies, which are selected randomly.
Here ωx, ωy and ωz are three main frequencies from the spectrum
of the x, y and z components, respectively. In CA98, the main fre-
quency from each component should yield ωx < ωy < ωz if x,
y and z are the major, intermediate and minor axes of the system.
Therefore, the bottom right part in each panel is blank. For some
galaxies, the main frequency ratios cross the diagonal line which
is because the axes ratio of the halo changes with the radius (See
Li2018). It is also noted that the orbits with ωx : ωy : ωz = 1 :
1 : 1 have a significant contribution in the orbit families. For both
the prolate-triaxial and triaxial galaxies, the main frequency ratios
are distributed widely. For the oblate-triaxial galaxies, most main
frequencies are distributed in a narrow range along the diagonal
line.
Figure 6 shows the dependence of the average fraction for dif-
ferent orbit families as a function of the galaxy radius. It is seen
that box orbits dominate in the central region for all galaxies, and
the fraction of the box orbits decreases with the galaxy radius. The
fraction of irregular orbits increases with the galaxy radius. It is also
found that the z-tube orbits dominate in the prolate-triaxial, oblate-
triaxial and triaxial galaxies if the galaxy radius is larger than 5.5,
1.5 and 3.5 rh, respectively. Although the z-tube orbits dominate
in the outer region of the galaxy, they are different in the prolate-
triaxial, oblate-triaxial and triaxial galaxies. The fraction of z-tube
orbits in oblate-triaxial galaxies is larger than that in triaxial galax-
ies, and that in triaxial galaxies is larger than that in prolate-triaxial
galaxies.
Figure 7 displays the dependence of the fractions of mass from
box, x-tube and z-tube orbits on the axial ratio and radius for all
galaxies in our sample. It is seen that box orbits dominate the mass
for prolate-triaxial systems. The mass contributed by the z-tube or-
bits increases with the galaxy radius when a galaxy is close to being
oblate-triaxial. In prolate-triaxial systems, the mass from the x-tube
orbits is larger than that from the z-tube orbits within rh.
Figure 8 shows the dependence of the angular momentum
fractions of x-tube and z-tube orbits on the axial ratio and radius of
galaxies. It is noted that z-tube orbits carry most angular momen-
tum at large radius for oblate-triaxial galaxies. For prolate-triaxial
c© 2014 RAS, MNRAS 000, 1–9
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Figure 4. Left panels: Orbit samples in subhalo 135289. From left to right: box, x-tube, z-tube and irregular orbits. Right panels: Frequency spectra for the
corresponding orbits. From top to bottom, we show the results for the z, y and x components, respectively. The red, blue and green sold lines denote the
position of the main frequencies ωx, ωy and ωz . From left to right, [ωx, ωy , ωz ]=[4.68, 5.59, 6.04], [4.40, 4.56, 4.56],[4.49, 4.49, 4.57], [0.01,1.25,18.82].
Figure 5. Frequency maps in the plane of ωx/ωz and ωy/ωz for 4 prolate-
triaxial galaxies (top panels with black labels), 4 oblate-triaxial galaxies
(middle panels with red labels) and 4 triaxial galaxies (bottom panels with
blue labels). In each panel, the black, red, blue, green and cyan points are the
results for the box, x-tube, y-tube, z-tube and irregular orbits, respectively.
The pink line in each panel is the diagonal line. Only 1% randomly selected
orbits are shown.
galaxies, most angular momentum is from the x-tube orbits. These
results are consistent with those of Arnold et al. (1994).
We follow Arnold et al. (1994) to define the internal misalign-
ment angle Ψ as the angle between the total angular momentum
Ltotal and the z-axis by
Ψ = tan−1
(
Lx−tube
Lz−tube
)
(6)
Ψ = 0◦ and Ψ = 90◦ mean that the angular momentum is along
the z-axis and x-axis, respectively. Figure 9 displays the depen-
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Figure 6. Dependence of the average fraction for different orbit families
on the galaxy radius (in units of the half-mass radius, rh) for the prolate-
triaxial (top), oblate-triaxial (middle) and triaxial (bottom) galaxies, respec-
tively. The black, red, blue, green and cyan lines represent the results for the
box, x-tube, y-tube, z-tube and irregular orbits, respectively.
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Figure 7. Mass fractions of the box orbits (red line), x-tube orbits (blue
lines) and the z-tube orbits (blue lines) as a function of axial ratio and radius
for all galaxies in our sample. In each panel, the x-axis is the radius r/rh
and y-axis is the mass fraction. The x-scale and y-scale run linearly from
0 to 1. Limited by the number of galaxies in our samples, some panels are
missing. Galaxies in right panels are oblate galaxies, while those on the
diagonal panels are prolate galaxies.
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Figure 8.Angular momentum (AM) fractions of the x-tube orbits (red lines)
and the z-tube orbits (blue lines) as a function of axial ratio and radius for
all galaxies in our sample. The angular momentum fractions of the x-tube
and z-tube orbits are defined as L2x−tube/L
2
total and L
2
z−tube/L
2
total, re-
spectively. Here Lx−tube and Lz−tube are the angular momentums from
the x-tube and z-tube orbits, respectively. L2total = L
2
x−tube + L
2
z−tube.
In each panel, the x-axis is the radius r/rh and y-axis is the angular mo-
mentum fractions. The x-scale and y-scale run linearly from 0 to 1.
dence of the misalignment angle Ψ on the axial ratio and the ra-
dius for all galaxies in our sample. For the oblate-triaxial systems,
the misalignment is close to zero, which indicates the z-tube or-
bits dominate the angular momentum contributions, especially in
the outer region of the galaxies. For the prolate-triaxial galaxies,
the angular momentum is dominated by the x-tube orbits. All these
results are consistent with those found by Arnold et al. (1994).
Figure 10 shows the correlation between the fraction of orbit
families within the half stellar mass radius and the triaxiality of the
stars (up) and the square of the axis ratio c2/a2 (bottom) for the
prolate-triaxial galaxies. It is seen that the fraction of box orbits
decreases with the triaxiality of the stars, while the fraction of x-
tube orbits increases with the triaxiality of the stars if the axis ratio
of the galaxy is fixed. The population of box orbits decreases with
increasing c2/a2 while the population of x-tube and z-tube orbits
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Figure 9. Dependence of the misalignment angle Ψ on the axial ratio and
radius for all galaxies in our sample. In each panel, the x-scale runs linearly
for r/rh from 0 to 1 and y-scale is from 0 to 90◦.
Figure 10. Dependence of the orbit fraction within the half stellar mass ra-
dius on the triaxiality of the star (up) and the square of the axis ratio c2/a2
(bottom) for the prolate-triaxial galaxies. The triaxiality is also calculated
using the particles within the half stellar mass radius. The square, star, dia-
mond, triangle and filled circle symbols represent the orbit fraction for the
box, x-tube, y-tube, z-tube and irregular orbits, respectively.
increases with increasing c2/a2 if c2/a2 is smaller than 0.4. These
results are consistent with those of Hunter & de Zeeuw (1992).
We follow Zhu et al. (2018) and use the circularity λi to de-
scribe different orbit types. The circularity λi is defined as
λi = Li/(r × V ′c ) (i = x, y, z) (7)
where Lx = yvz − zvy , Ly = zvx − xvz , Lz = xvy − yvx,
r =
√
x2 + y2 + z2, and V ′c = |vx + vy + vz|. λi = 1 denotes a
circular orbit, while λi = 0 indicates a box or a radial orbit.
Figure 11 shows the average circularity distributions for 35
prolate-triaxial galaxies, 6 oblate-triaxial and 6 triaxial galaxies
with the same weight for each galaxy. It is noted that there is a
strong peak around λi = 0, which indicates that the box or radial
orbits dominate in all galaxies. We also find that λx has a slightly
broader distribution than λy and λz in the prolate-triaxial galaxies.
For the prolate-triaxial galaxies, we find one peak in the circular-
ity distribution. For the oblate-triaxial and triaxial galaxies, there
are two peaks, one is at λi = 0, and the other is close to λi = 0.
We have checked all galaxies and found only one peak in the λi
distribution for any single galaxy studied here. The only difference
c© 2014 RAS, MNRAS 000, 1–9
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Figure 11. Distribution of the circularity λx (red), λy (blue), and λz
(green) for the prolate-triaxial (upper), oblate-triaxial (middle) and triaxial
galaxies (bottom), respectively. The cyan line in the upper panel represents
the result of λz for 6 randomly selected prolate-triaxial galaxies.
is that the peak is at λi = 0 for some galaxies and the peak is
close to λi = 0 for the remaining ones. If we randomly select 6
prolate-triaxial galaxies, then a peak at λi ' −0.07 also appears
in distributions of λx, λy and λz . Moreover, it is noted that the
fraction of the circular orbits is small in all galaxies.
We also checked the relation between the fraction of the x-,
y- and z-tube orbits and the ratio of |Lx| /L, |Ly| /L and |Lz| /L
of the dark matter halos within the half stellar mass radius, respec-
tively. It is seen that there is no correlation between these two pa-
rameters.
Figure 12 shows the relation between the baryon fraction fb
and the orbit type fraction within the half stellar mass radius.
We find a weak correlation between the box orbit faction and the
baryon fraction. The fraction of box orbits increases with increas-
ing baryon fraction, and the Pearson correlation coefficient is 0.65.
There is also a weak anti-correlation between the fraction of x-tube
orbits and the baryon fraction, which is also found for the z-tube
orbits. The Pearson correlation coefficients for x- and z-tube orbits
are -0.53 and -0.60, respectively.
Figure 13 shows the relation between the spin parameter of the
dark matter halo λ′d and the orbit type fraction within the half stellar
Figure 12. Relations between the baryon fraction and the orbit type fraction
within the half stellar mass radius. The square, star, diamond, triangle and
filled circle symbols represent the results for the box, x-tube, y-tube, z-tube
and irregular orbits, respectively. The black, red, blue, green and cyan lines
are fits of Y = A + BX for the box, x-tube, y-tube, z-tube and irregular
orbits, respectively.
Figure 13. Relations between the spin parameter of the dark matter halo
and the orbit type fraction within the half stellar mass radius. The square,
star, diamond, triangle and filled circle symbols represent the results for the
box, x-tube, y-tube, z-tube and irregular orbits, respectively.
mass radius. We find that there is no significant correlation between
the fraction of different orbit families and the spin parameter of the
dark matter halo.
6 SUMMARY AND DISCUSSION
The orbit properties are important for understanding the intrinsic
structure of prolate-triaxial galaxies. In this paper, we study the
orbit properties of 35 prolate-triaxial galaxies first analysed by
Li2018 and taken from the Illustris cosmological hydrodynamic
simulation. In addition, we also selected six oblate-triaxial galax-
ies and six triaxial galaxies, which share the same mass and spin
ranges as their prolate counterparts. The main results of this paper
can be summarized as follows.
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1. The spin parameters of the star and dark matter halo in all
prolate galaxies are small. Circularities for most orbits in prolate
galaxies are close to 0, which indicates box or radial orbits dom-
inate the orbit structure of prolate systems. The spin parameters
for stars in the oblate-triaxial galaxies are larger than those in the
prolate and triaxial galaxies.
2. The z-tube orbits carry most angular momentum at large
radius for the oblate-triaxial galaxies. For prolate galaxies, most
angular momentum is from x-tube orbits.
3. Box orbits are found to dominate the orbital structure for
most prolate-triaxial galaxies, especially in the central region. Both
the x- and z-tubes are important in prolate-triaxial systems, which is
different from previous studies that suggested that the z-tube orbits
are less important in more prolate systems (e.g. Valluri et al. 2016).
The fraction of box orbits decreases with increasing galaxy radius,
while the fraction of irregular orbits becomes larger with increasing
galaxy radius for the prolate-triaxial galaxies. The fraction of x-
tube orbits in both oblate-triaxial and triaxial galaxies is smaller
than that in the prolate-triaxial galaxies.
4. The fraction of box orbits for prolate-triaxial galaxies
(0.7 < T < 1) decreases with the triaxiality, while the fraction
of x-tube orbits increases for a given axis ratio c/a.
5. There is a weak correlation between the fraction of box or-
bits and the baryon fraction. The fraction of box orbits increases
with increasing baryon fraction, while there is a weak anticorrela-
tion between the fraction of x-tube (or z-tube) orbits and the baryon
fraction.
6. There is no correlation between the fraction of different or-
bit families and the spin parameter of the dark matter halo.
7. For massive galaxies, prolate-triaxial, oblate-triaxial or tri-
axial galaxies, there is only one peak in the distribution of the cir-
cularity λi in a single galaxy. The position of the peak is at λi ' 0,
which indicates that the box (or radial ) orbits dominate the orbit
population in these massive galaxies.
It seems that it is impossible for fast rotators to be prolate-
triaxial galaxies (also see the upper right panel of Figure 13 in
Li2018), which is also supported by observations (Richstone & Pot-
ter 1982). With the two-dimensional integral field unit spectroscopy
of the stellar kinematics being carried out, many kinematical data
can be used in the future as qualitative constraints in modeling pro-
late galaxies with the Schwarzschild or Made-to-measure methods.
The large scatter between the triaxiality of stars and that of dark
matter haloes increases the complexity in constructing dynamical
models with observational data.
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APPENDIX A: GALAXIES PROPERTIES AND THE
RELATIVE ABUNDANCE OF THE ORBIT FAMILES
We present here the galaxy mass, the number of orbits, shapes for
both stars and dark matter, and the relative abundance of the orbit
families in each galaxy. The detailed information can be found in
Table A1.
APPENDIX B: ORBIT CLASSIFICATION BY USING THE
ANGULAR MOMENTUM
The AM method is based on the values of the three angular mo-
mentum of orbits. We follow van den Bosch et al. (2008) and Wu
et al. (2017) to classify the orbits by the sign of the maximum an-
gular momentum max(Li) and the minimum angular momentum
min(Li)(i = x, y, z) . The box orbits are defined as
max(Lx)×min(Lx) < 0 (B1)
max(Ly)×min(Lz) < 0 (B2)
max(Lz)×min(Lz) < 0 (B3)
The x-tube orbits are
max(Lx)×min(Lx) > 0 (B4)
max(Ly)×min(Lz) < 0 (B5)
max(Lz)×min(Lz) < 0 (B6)
The y-tube orbits are
max(Lx)×min(Lx) < 0 (B7)
max(Ly)×min(Lz) > 0 (B8)
max(Lz)×min(Lz) < 0 (B9)
The z-tube orbits are z-tube
max(Lx)×min(Lx) < 0 (B10)
max(Ly)×min(Lz) < 0 (B11)
max(Lz)×min(Lz) > 0 (B12)
The remainder orbits are classified as the irregular orbits.
c© 2014 RAS, MNRAS 000, 1–9
10 Y. Wang et al.
Table 1. Spin parameters and the angle between the direction of the angular
momentum of the dark matter and that of the stars for 35 prolate-triaxial
galaxies, six oblate-triaxial galaxies and six triaxial galaxies (labelled in
bold face). Column (1): The SUBFIND ID at the z = 0 snapshot. Column
(2): Spin parameter for stars within the half stellar mass radius. Column (3):
Spin parameters for dark matter within the half stellar mass radius. Column
(4): Spin parameter for considering both the star and dark matter within the
half stellar mass radius. Column (5): The angle between the direction of the
angular momentum of the dark matter and that of the stars in degrees.
subhalo ID λ′s λ′d λ
′ θL
(1) (2) (3) (4) (5)
0 0.0015 0.0136 0.0150 30.0
123773 0.0049 0.0098 0.0118 77.7
129770 0.0016 0.0142 0.0157 20.9
129771 0.0094 0.0081 0.0162 44.2
132700 0.0046 0.0075 0.0118 23.6
135289 0.0035 0.0079 0.0101 59.7
138413 0.0048 0.0058 0.0090 64.7
152864 0.0037 0.0047 0.0074 55.6
163932 0.0022 0.0113 0.0134 14.5
165890 0.0016 0.0104 0.0112 64.3
16937 0.0018 0.0475 0.0491 29.3
177128 0.0027 0.0128 0.0153 22.2
178998 0.0081 0.0198 0.0279 8.0
183683 0.0016 0.0062 0.0078 10.5
185229 0.0111 0.0095 0.0193 41.2
186924 0.0026 0.0092 0.0115 28.2
192506 0.0022 0.0054 0.0075 19.5
196773 0.0047 0.0071 0.0116 16.7
200653 0.0006 0.0058 0.0062 50.1
210738 0.0175 0.0054 0.0229 4.7
217716 0.0022 0.0027 0.0048 15.5
222715 0.0023 0.0075 0.0096 18.3
225517 0.0106 0.0055 0.0143 59.0
245939 0.0033 0.0022 0.0042 82.0
249937 0.0022 0.0149 0.0169 23.2
271246 0.0025 0.0069 0.0081 68.2
277529 0.0010 0.0167 0.0266 9.4
294574 0.0020 0.0039 0.0046 85.3
30430 0.0029 0.0153 0.0180 21.2
324170 0.0041 0.0102 0.0140 24.6
41088 0.0006 0.0131 0.0135 53.0
51811 0.0022 0.0173 0.0194 14.8
59384 0.0010 0.0039 0.0048 34.7
66080 0.0020 0.0053 0.0072 18.7
73663 0.0091 0.0200 0.0286 21.7
110569 0.0564 0.0329 0.0893 1.5
2 0.0606 0.0101 0.0702 19.2
213907 0.0162 0.0229 0.0390 7.7
263115 0.0457 0.0427 0.0883 4.0
269276 0.0671 0.0359 0.1029 1.3
73666 0.0751 0.0190 0.0941 4.5
127228 0.0122 0.0294 0.0415 1.8
144528 0.0092 0.0072 0.0160 27.7
154948 0.0147 0.0212 0.0357 10.7
206715 0.0107 0.0015 0.0118 49.7
251546 0.0322 0.0400 0.072 3.2
267211 0.0436 0.0145 0.0581 6.0
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Table A1. Orbit families in 35 prolate-triaxial galaxies, six oblate-triaxial galaxies and six triaxial galaxies (labelled in bold face). Column (1): The SUBFIND
ID at the final snapshot. Column (2): Number of orbits in each galaxy. Column (3): Axis ratios of the stars within the half stellar mass radius. Column (4):
Axis ratios of the dark matter within the half stellar mass radius. Column (5): Axis ratios of the dark matter within the full galaxy. Columns (6)-(10) : The
orbit fractions in the full galaxy (within the half stellar mass radius) for the box, x-tube, y-tube, z-tube and irregular orbits, respectively.
subhalo ID logMc200 orbit number axis ratio axis ratio axis ratio box x-tube y-tube z-tube irregular
(M) (star r < rh) (dark r < rh) (dark all) % % % % %
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
0 14.37 406662 1:0.63:0.60 1:0.70:0.67 1:0.48:0.40 26.3(42.6) 28.3(33.1) 3.9(6.1) 33.0(15.0) 8.5(3.2)
123773 13.77 117589 1:0.55:0.53 1:0.71:0.65 1:0.66:0.55 46.6(66.7) 22.5(22.1) 16.1(2.9) 9.4(4.4) 5.4(4.0)
129770 13.57 129307 1:0.69:0.60 1:0.83:0.79 1:0.51:0.42 50.2(70.3) 20.9(16.5) 3.7(1.3) 21.0(9.3) 4.2(2.5)
129771 13.57 59860 1:0.68:0.56 1:0.76:0.71 1:0.82:0.76 62.3(83.4) 18.7(10.5) 3.1(0.7) 14.3(4.8) 1.5(0.6)
132700 11.76 72089 1:0.62:0.46 1:0.71:0.63 1:0.92:0.72 70.3(85.5) 11.5(7.1) 0.6(0.8) 16.0(5.5) 1.6(1.1)
135289 13.56 73673 1:0.52:0.41 1:0.80:0.72 1:0.74:0.59 48.2(72.8) 16.3(14.1) 0.7(0.7) 28.2(8.6) 6.5(3.9)
138413 13.77 134709 1:0.50:0.46 1:0.82:0.78 1:0.58:0.47 55.0(55.0) 13.0(13.0) 1.9(19) 22.3(22.3) 7.9(7.9)
152864 13.63 108456 1:0.58:0.47 1:0.65:0.58 1:0.82:0.65 62.7(74.7) 15.3(13.7) 0.7(0.7) 18.6(7.8) 2.7(3.2)
163932 13.46 89378 1:0.55:0.46 1:0.66:0.59 1:0.69:0.64 62.2(77.7) 19.6(11.3) 0.7(0.8) 13.9(6.4) 3.7(3.8)
165890 13.62 77671 1:0.53:0.45 1:0.84:0.79 1:0.64:0.45 58.0(73.6) 10.9(11.7) 0.7(0.8) 22.7(6.7) 7.6(7.2)
16937 14.35 276946 1:0.63:0.56 1:0.74:0.66 1:0.56:0.41 24.8(41.1) 17.9(24.1) 1.8(2.4) 42.8(28.7) 12.7(3.7)
177128 13.41 44334 1:0.57:0.52 1:0.81:0.77 1:0.59:0.49 51.5(72.0) 20.1(17.7) 0.8(0.7) 19.0(5.6) 8.5(3.9)
178998 13.62 87351 1:0.59:0.53 1:0.77:0.72 1: 0.63:0.50 53.6(74.1) 13.4(13.9) 4.3(0.9) 22.4(7.2) 6.3(3.8)
183683 13.51 59169 1:0.58:0.49 1:0.71:0.62 1:0.90:0.74 62.6(78.0) 10.5(12.2) 0.7(0.8) 20.2(6.0) 6.0(3.0)
185229 13.08 57749 1:0.52:0.41 1:0.57:0.51 1:0.89:0.77 65.5(85.3) 17.2(8.6) 0.7(0.9) 15.3(3.8) 1.4(1.4)
186924 13.51 142724 1:0.66:0.64 1:0.80:0.80 1:0.81:0.76 50.0(67.9) 36.0(25.7) 8.6(1.6) 4.1(3.6) 1.3(1.3)
192506 13.43 74193 1:0.49:0.41 1:0.72:0.62 1:0.63:0.43 70.2(80.2) 9.7(10.4) 0.7(0.9) 16.2(5.3) 3.0(3.3)
196773 13.38 74901 1:0.62:0.54 1:0.76:0.72 1:0.84:0.64 69.0(80.0) 10.2(10.1) 0.8(0.8) 15.6(6.2) 4.3(3.3)
200653 13.34 56486 1:0.54:0.44 1:0.71:0.60 1:0.58:0.54 68.1(79.5) 9.1(9.9) 0.6(0.7) 16.7(5.6) 5.5(4.3)
210738 13.14 67507 1:0.44:0.43 1:0.70:0.67 1:0.78:0.75 62.8(72.6) 22.2(20.5) 2.5(0.8) 10.0(3.3) 2.5(2.8)
217716 13.22 60062 1:0.45:0.41 1:0.71:0.69 1:0.79:0.63 60.1(76.1) 24.4(18.1) 0.7(0.7) 12.1(2.5) 2.8(2.6)
222715 13.07 65549 1:0.55:0.53 1:0.70:0.69 1:0.82:0.69 59.2(72.8) 24.9(23.0) 0.5(0.7) 13.3(3.2) 2.1(0.3)
225517 13.20 38947 1:0.54:0.54 1:0.83:0.77 1:0.88:0.63 68.1(77.8) 12.0(15.1) 0.7(0.7) 16.1(3.9) 3.1(2.4)
245939 13.06 45260 1:0.49:0.38 1:0.57:0.51 1:0.81:0.71 74.6(88.0) 13.1(6.5) 0.8(1.0) 9.6(2.4) 2.0(2.1)
249937 13.05 34098 1:0.70:0.62 1:0.73:0.68 1:0.55:0.48 71.8(83.7) 14.0(9.1) 0.7(0.7) 11.0(4.8) 2.5(1.6)
271246 13.03 35951 1:0.55:0.47 1:0.65:0.56 1:0.79:0.70 69.2(86.0) 8.6(7.0) 0.7(0.9) 19.9(4.4) 1.5(1.7)
277529 12.78 33231 1:0.57:0.52 1:0.60:0.59 1:0.74:0.69 65.3(83.1) 26.3(13.9) 0.7(0.9) 6.5(1.8) 1.2(0.3)
294574 12.82 21897 1:0.35:0.31 1:0.68:0.63 1:0.70:0.65 70.6(83.2) 17.0(9.7) 2.8(0.8) 6.2(1.6) 3.5(4.8)
30430 14.34 377515 1:0.68:0.62 1:0.80:0.71 1:0.66:0.57 34.1(37.6) 23.3(28.6) 0.8(0.6) 35.6(28.5) 6.2(4.7)
324170 12.66 23187 1:0.65:0.61 1:0.64:0.61 1:0.68:0.61 76.3(85.3) 13.5(10.2) 0.7(1.0) 7.3(1.9) 2.1(1.6)
41088 14.07 177309 1:0.73:0.71 1:0.77:0.74 1:0.72:0.59 28.1(45.4) 29.1(29.6) 1.2(1.6) 33.6(18.3) 8.2(5.0)
51811 14.23 146288 1:0.55:0.52 1:0.77:0.72 1:0.70:0.63 34.6(53.7) 19.2(23.4) 1.1(1.1) 29.9(18.0) 15.2(3.8)
59384 14.11 326687 1:0.59:0.49 1:0.74:0.64 1:0.65:0.50 44.9(65.9) 18.8(16.6) 0.6(0.6) 30.9(13.7) 4.7(3.2)
66080 14.13 331196 1:0.53:0.42 1:0.66:0.56 1:0.62:0.45 46.3(68.0) 16.3(13.1) 0.7(0.7) 30.9(14.3) 5.7(3.8)
73663 13.64 161692 1:0.57:0.47 1:0.68:0.61 1:0.30:0.27 51.4(74.4) 17.7(12.7) 0.7(0.7) 23.3(8.9) 6.8(3.3)
110569 13.49 54561 1:1:0.62 1:0.98:0.81 1:0.99:0.71 20.8(33.7) 0.6(0.8) 0.5(0.4) 77.4(64.9) 0.7(0.2)
2 14.37 51473 1:0.95:0.33 1:0.95:0.82 1:0.91:0.64 49.4(61.5) 1.5(0.7) 2.2(0.7) 43.7(35.5) 3.1(1.6)
213907 13.25 49307 1:0.88:0.51 1:0.93:0.72 1:0.61:0.47 59.1(72.8) 6.4(3.5) 0.9(0.7) 28.1(21.2) 5.5(1.7)
263115 12.96 41016 1:0.96:0.51 1:0.96:0.71 1:0.95:0.51 55.2(74.4) 2.2(1.2) 0.6(0.8) 40.4(22.9) 1.7(0.7)
269276 12.93 58803 1:0.91:0.56 1:0.97:0.81 1:0.88:0.80 40.4(62.2) 1.5(2.3) 1.3(0.7) 55.5(34.4) 1.3(0.3)
73666 13.64 70614 1:0.96:0.41 1:0.91:0.70 1:0.92:0.51 43.2(59.1) 4.5(1.6) 0.4(0.6) 49.8(38.3) 2.0(0.4)
127228 13.80 158988 1:0.69:0.43 1:0.77:0.54 1:0.91:0.66 54.4(76.9) 7.2(6.0) 0.7(0.8) 33.7(12.9) 3.9(3.4)
144528 13.51 112345 1:0.78:0.58 1:0.79:0.73 1:0.62:0.53 57.6(74.0) 17.5(8.4) 0.7(0.7) 19.4(12.5) 4.7(4.3)
154948 13.40 97955 1:0.70:0.58 1:0.82:0.66 1:0.66:0.59 65.9(80.6) 8.6(7.6) 0.6(0.8) 21.9(8.9) 2.9(2.1)
206715 12.87 48938 1:0.60:0.37 1:0.69:0.61 1:0.72:0.47 61.1(80.5) 11.5(7.2) 0.6(0.9) 26.1(11.3) 0.6(0.1)
251546 13.10 67101 1:0.86:0.52 1:0.93:0.72 1:0.91:0.51 52.0 (76.2) 2.3 (2.5) 0.5(0.8) 44.4 (20.2) 0.8(0.2)
267211 13.06 50475 1:0.63:0.39 1:0.78:0.62 1:0.76:0.54 67.7(88.9) 10.2(2.7) 0.8(1.1) 19.7(6.6) 1.5 (0.7)
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Table B1. Orbit families in 35 prolate-triaxial galaxies, six oblate-triaxial galaxies and six triaxial galaxies (labelled in bold face). Column (1): The SUBFIND
ID at the final snapshot. Column (2): Triaxiality of the stars within the half stellar mass radius. Column (3): Triaxiality of the dark matter within the half stellar
mass radius. Column (4): Triaxiality of the dark matter within the full galaxy. Columns (5)-(9) : The orbit fractions in the full galaxy by using CA/AM method
for the box, x-tube, y-tube, z-tube and irregular orbits, respectively. Column (10): Consistent fraction between CA and AM methods.
subhalo ID T T T box x-tube y-tube z-tube irregular consistent fraction
(star r < rh) (dark r < rh) (dark all) % % % % % %
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
0 0.94 0.93 0.92 26.3/34.4 28.3/34.5 3.9/2.3 33.0/6.0 8.5/22.9 58.8
123773 0.97 0.86 0.81 46.6/50.5 22.5/23.1 16.1/17.5 9.4/0.9 5.4/8.0 78.3
129770 0.82 0.83 0.90 50.2/61.8 20.9/19.3 3.7/3.0 21.0/0.4 4.2/12.3 68.2
129771 0.78 0.85 0.78 62.3/75.4 18.7/14.0 3.1/1.7 14.3/1.4 1.5/7.6 73.1
132700 0.78 0.82 0.32 70.3/76.0 11.5/9.4 0.6/0.0 16.0/13.1 1.6/1.5 89.9
135289 0.88 0.75 0.69 48.2/54.9 16.3/16.0 0.7/0.1 28.2/16.8 6.5/12.2 74.8
138413 0.95 0.84 0.85 55.0(55.0) 13.0(13.0) 1.9(19) 22.3(22.3) 7.9(7.9) 72.8
152864 0.85 0.87 0.57 62.7/67.7 15.3/14.1 0.7/0.0 18.6/15.9 2.7/2.3 87.9
163932 0.88 0.87 0.89 62.2/67.7 19.6/18.9 0.7/0.1 13.9/10.5 3.7/2.9 86.8
165890 0.90 0.78 0.74 58.0/70.6 10.9/8.7 0.7/0.2 22.7/9.2 7.6/11.3 72.3
16937 0.88 0.80 0.83 24.8/27.2 17.9/20.6 1.8/1.6 42.8/17.5 12.7/33.1 62.2
177128 0.93 0.84 0.86 51.5/55.1 20.1/21.4 0.8/0.0 19.0/11.4 8.5/12.1 77.2
178998 0.91 0.85 0.80 53.6/69.5 13.4/12.2 4.3/2.8 22.4/2.5 6.3/12.9 63.6
183683 0.87 0.81 0.42 62.6/68.5 10.5/8.4 0.7/0.0 20.2/16.8 6.0/6.2 84.6
185229 0.88 0.91 0.51 65.5/72.4 17.2/14.8 0.7/0.0 15.3/10.4 1.4/2.4 86.9
186924 0.96 1.00 0.81 50.0/47.1 36.0/41.9 8.6/8.4 4.1/1.0 1.3/1.5 80.5
192506 0.91 0.78 0.74 70.2/76.1 9.7/7.6 0.7/0.0 16.2/15.2 3.0/1.1 90.1
196773 0.87 0.88 0.50 69.0/75.8 10.2/8.5 0.8/0.1 15.6/10.9 4.3/4.7 85.3
200653 0.88 0.77 0.94 68.1/(79.5) 9.1(9.9) 0.6(0.7) 16.7(5.6) 5.5(4.3) 85.4
210738 0.99 0.93 0.90 62.8/69.3 22.2/22.8 2.5/2.0 10.0/0.7 2.5/5.2 73.0
217716 0.96 0.95 0.62 60.1/64.5 24.4/26.3 0.7/0.0 12.1/3.7 2.8/5.4 75.2
222715 0.97 0.97 0.63 59.2/64.8 24.9/22.4 0.5/0.0 13.3/10.4 2.1/2.4 85.0
225517 1.00 0.76 0.37 68.1/77.4 12.0/11.1 0.7/0.0 16.1/6.7 3.1/4.8 77.6
245939 0.89 0.91 0.69 74.6/81.5 13.1/9.8 0.8/0.0 9.6/7.9 2.0/0.8 90.0
249937 0.83 0.87 0.91 71.8/76.7 14.0/12.7 0.7/0.0 11.0/8.8 2.5/1.7 87.9
271246 0.90 0.84 0.74 69.2/75.1 8.6/6.1 0.7/0.0 19.9/17.8 1.5/0.9 91.2
277529 0.93 0.98 0.86 65.3/70.7 26.3/24.4 0.7/0.0 6.5/4.0 1.2/0.9 84.5
294574 0.97 0.89 0.88 70.6/83.6 17.0/11.5 2.8/2.0 6.2/0.3 3.5/2.7 78.6
30430 0.87 0.73 0.84 34.1/35.6 23.3/26.5 0.8/0.2 35.6/20.3 6.2/17.4 73.0
324170 0.92 0.94 0.86 76.3/83.7 13.5/9.6 0.7/0.0 7.3/6.0 2.1/0.6 85.3
41088 0.94 0.90 0.74 28.1/32.7 29.1/35.0 1.2/0.2 33.6/10.7 8.2/21.4 62.4
51811 0.96 0.85 0.85 34.6/40.9 19.2/23.4 1.1/0.4 29.9/8.6 15.2/26.6 52.2
59384 0.86 0.77 0.77 44.9/47.5 18.8/19.7 0.6/0.0 30.9/24.7 4.7/8.0 82.3
66080 0.87 0.82 0.77 46.3/49.4 16.3/16.7 0.7/0.0 30.9/26.3 5.7/7.6 84.2
73663 0.87 0.86 0.98 51.4/56.3 17.7/17.4 0.7/0.0 23.3/16.7 6.8/9.6 82.1
110569 0.00 0.12 0.04 20.8/24.2 0.6/0.5 0.5/0.8 77.4/72.6 0.7/1.9 86.4
2 0.11 0.30 0.29 49.4/68.0 1.5/3.9 2.2/0.4 43.7/18.2 3.1/9.6 64.8
213907 0.30 0.28 0.81 59.1/63.8 6.4/6.1 0.9/0.0 28.1/22.3 5.5/7.7 83.9
263115 0.11 0.16 0.13 55.2/61.8 2.2/1.5 0.6/0.0 40.4/33.5 1.7/3.1 81.5
269276 0.25 0.17 0.63 40.4/43.5 1.5/0.9 1.3/1.1 55.5/53.7 1.3/7.3 87.5
73666 0.09 0.34 0.21 43.2/50.5 4.5/3.9 0.4/0.0 49.8/43.7 2.0/1.9 85.5
127228 0.64 0.57 0.30 54.4/59.0 7.2/6.4 0.7/0.1 33.7/30.2 3.9/4.4 86.7
144528 0.59 0.80 0.86 57.6/66.6 17.5/17.2 0.7/0.3 19.4/8.5 4.7/7.4 78.1
154948 0.77 0.58 0.87 65.9/71.9 8.6/7.5 0.6/0.1 21.9/18.3 2.9/2.3 88.2
206715 0.74 0.83 0.62 61.1/67.2 11.5/8.8 0.6/0.0 26.1/23.7 0.6/0.3 91.8
251546 0.36 0.28 0.23 52.0/ 59.2 2.3 /1.2 0.5/0.0 44.4/ 38.6 0.8/0.9 87.6
267211 0.71 0.64 0.60 67.7/73.3 10.2/10.2 0.8/0.0 19.7/14.7 1.5/1.7 87.3
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